This paper aims to explore a class of static stellar equilibrium configurations of charged spheres composed by a isotropic fluid and fixed the constraints with some known compact star candidates. The study is performed by considering a particularized metric potential, Buchdahl ansatz [H. A. Buchdahl Phys. Rev.116, 1027 (1959 ] and then by a simple transformation. The study is developed by matching the interior region with RiessnerNordström metric as an exterior solution. The matter content the charge sphere satisfies all the energy conditions and hydrostatic equilibrium equation, i.e., the modified Tolman-Oppenheimer-Volkoff (TOV) equation for the charged case is maintained. In addition to this, we also discuss some important properties of the charged sphere such as total electric charge, mass-radius relation, surface redshift, and the speed of sound are analyzed. Obtained solutions are presented by graphical representation that provide strong evidences for more realistic and viable stellar model. Our results are compared with observational stellar mass data, namely, SAX J1808.4-3658, 4U 1538-52, PSR J1903+327, Vela X-1 and 4U1608-52. These results are also quite important both from theoretical and astrophysical scale to analyze other compact objects such as white dwarfs, neutron stars, boson stars and quark stars.
I. INTRODUCTION
Compact astrophysical objects, such as neutron stars (NSs) and quark stars (QSs), are become an excellent testbeds to probe certain properties of gravitational fields. Particularly, the relativistic stellar models have been studied for a couple of decades, though the first exact solution of Einstein's field equation was obtained by Schwarzschild in 1916, for the interior of a compact object in hydrostatic equilibrium. This leads as a starting point to the learning of an exact solution for stellar object satisfying a variety of criteria which is physical admissible. Exact solution plays an important role in development of many areas of gravitational field such as solar system test, black hole solution, stellar modelling, gravitational collapse and so on. In fact, obtaining a singularity free interior solution for compact astrophysical objects have an important consequences when it comes to solving the field equations. Thus studying compact objects form their microscopic composition and properties of dense matter is one of the most fundamental problems in modern astrophysics. This implies not only the search of new solutions and material composition, but also the research for some special properties, related to their structure, in comparison with observational data.
It has recently suggested form observations that relativistic compact stars may soon provide information about supra-nuclear equation of state (EoS), i.e. the relation between internal density and pressure at densities beyond nuclear [1, 2] . It is therefore important to measure the mass and radius [3] [4] [5] [6] of compact objects which are highly sensitive to the EoS [7] [8] [9] [10] [11] , because the interior structure of such compact stars can vary with its mass. When the mass of a star is sufficiently large, its central density becomes more higher and thus, for the possibility of exotica in their inner cores and that cause variability in their exterior gravitational field. This statement sometimes refer to produce a gravitational field different from that of stars without such exotica in their inner cores. In spite of this reasoning and lack of understanding about such compact objects, the motivation was initiated by the discovery of the pulsar PSR J1614-2230 yielded a mass of 1.97 ± 0.04 M M . Its very high inclination, at 89
• .17, allowed the detection of a strong Shapiro delay signature by an X-ray telescope, like NICER [12] . In particular, this high mass of pulsar provides a lower limit on the maximum mass of neutron stars and fix a dividing line between black holes and neutron stars to at least this value. There has been an-ongoing effort to understand many astrophysical compact objects whose estimated masses and radii are not compatible with our known sources, such as X-ray pulsar Her X-1, X-ray burster 4U 1820-30, X-ray sources 4U 1728-34, PSR 0943+10 and RX J185635-3754. Thus the aim of this study is to prediction of masses and radii of compact objects which could constrain EOS of matter in the high density regimes. More definitely, considering the limit of the maximum amount of charge the equilibrium configuration has been analysed by Roy at al [7] . This model has also been extended in different analogy and context in [13] [14] [15] [16] [17] [18] [19] [20] [21] .
The theoretical possibility of studying self-gravitating fluid models with an effect of electric charge and electric field has been done previously by different authors. As in evidence Rosseland [22] (see also Eddington [23] ), studied the possibility of a self gravitating star treated as a ball of hot ionized gas containing a certain amount of charge on Eddington's theory. In such a system large number of electrons (as compared to positive ions) run to escape from its surface due to their higher kinetic and the motion of electrons will continue until the electric field induced inside the star prevents more electrons to escape from its surface. In this way, a star would contain only positive ions. Later on, it was proved that equilibrium is attained after some amount of electrons escape and the net electric charge about100 Coulombs per solar mass. At this point of view collapsing of a star to a point singularity may be avoided by the effects of charge as the gravitational attraction will then be counter balanced by the Coulomb repulsion. Bekenstein [24] first analyses the stability of charged fluid spheres by generalizing the Oppenheimer-Volkoff and then by other authors in [25] [26] [27] [28] . Physical behaviour and stability of charged dust stars was discovered by Majumdar [29] and by Papapetrou [30] , Bonnor [31] , to name a few. Some studies have also concluded that due to presence of electromagnetic field affects the value of luminosities, redshifts, and maximum mass of a compact relativistic object in [32, 33] .
The search for the exact solutions of Einstein-Maxwell field equations for static spherically symmetric metric with isotropic matter is of continuous interest to researcher. A large number of authors have studied Einstein-Maxwell solutions, satisfying a variety of criteria for physical conditions in [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] . The exact Einstein-Maxwell solution can be obtained by specifying a particular form of gravitational potentials with linear equation of state consistent with quark matter in [48] . Also Varela et al. [9] found a new solution for a charged anisotropic matter with linear or nonlinear equation of state. Consequently, many simplifying assumptions have been taken in order to integrate the field equations, one of them is the assumption of metric potentials due to any reliable information of an EOS at extreme densities. One of them is the Vaidya-Tikekar ansatz [50] , and a large number of solutions have been studied to generate and analyze physically viable models of compact astrophysical objects [51] [52] [53] [54] .
There is another type of metric ansatz due to Buchdahl [55] that proposed an important scheme of finding physically reasonable spherically symmetric perfect fluid solution, which possesses monotonically decreasing density towards the boundary. After that Vaidya and Tikekar [50] particularized Buchdahl ansatz by giving a geometry for the interior physical 3-space of the configuration. In this connection, Khugaev et al have obtained higher dimensional solutions for super compact star by utilize the ansatz of Buchdahl-Vaidya-Tikekar [56] and extended their work in pure Lovelock garvity [57] . In the present work, we shall utilize the Buchdahl [55] ansatz as a metric potential and introduce a well known transformation to determine the unknown variables that describe the interior of a stellar configuration.
The paper has been organized as follows: following a brief introduction in Sec. I, the relevant Einstein-Maxwell system of equations describing a charged relativistic stellar configuration has been laid down in Sec. II. Then we have solved the system of equations by paying a particular attention on the metric potential, namely, Buchdahl [55] in the same section. In Sec. III, we matched the interior solution to an exterior Reissner-Nordström line element and determine the constant coefficient. Next, in Sec. IV, some physical features of the model have been discussed in briefly and obtained results are compared with Observational stellar mass data. Finally in Sec. V, we have concluded by highlighting some features of our model.
II. CHARGED ISOTROPIC MATTER
With the purpose of analyzing the properties of relativistic charged fluid distribution, we assume the line element in Schwarzschild coordinates, as
where ν(r) and λ (r) are arbitrary functions of the radial coordinate r, which yet to be determined by solving the field equations. We are interested in Einstein-Maxwell equations in the presence of charged matter. The properties of the stellar matter can be understood by include the terms from the Maxwell's equation, which is written as T i j = M i j +E i j . Here, M i j stands for the energy-momentum tensor of a perfect fluid and E i j is the electromagnetic energy-momentum tensor. So, the complete form of Einstein-Maxwell field equations for a charged fluid sphere is defined as
with κ = 8πG/c 4 , while ρ is the matter density and p is the pressure which is measured relative to the comoving fluid 4-velocity u i = e −ν δ i 0 . We assume that the interior of the star is filled with a perfect fluid and the form of energy-momentum tensor is written in the right hand side of Eq. (2), which is (c 2 ρ + p)u i u j − pδ i j . One of the most important argument to assume a perfect fluid is that the flow of matter is adiabatic, no heat conduction or viscosity is present [58] . The second term E i j is the part of energy momentum tensor due to electromagnetic fields and is defined by −F im F jm + 1/4δ i j F mn F mn /4π, where the electromagnetic tensor F i j satisfies Mexwells equations
where J i is the electric current density is written as J i = σ u i with F i j denote the skew symmetric electromagnetic field tensor. Imposing that there is a static spherically symmetric electric field, the only non-vanishing components F 01 = −F 10 , being a function of the radial coordinate r alone, and the other terms are absent. Hence, from Eq. (3), we can obtain the following expression for non-vanishing component
where q(r) is the total electric charge inside a sphere of radial coordinate r, which does not depend on the timelike coordinate t with where σ is the charge density. With the followings, q(r) is invariant under the transformation q(r) = -q(r) and σ = −σ . In the present case, with the metric (1) and energy momentum tensor (2), the nonzero components of the Einstein equations provide the following relationships
with κ = 8πG/c 4 , and prime denotes the differentiation with respect to the radial coordinate r. The system of Eqs. (5)- (7) determines the behaviour of gravity for a charged perfect fluid. As usual, when q(r )= 0, one can restore the Einsteins equations for a perfect fluid. Here we are dealing with five unknowns ν, λ , ρ(r), p(r) and q(r), which we are going to solve to get our desire results. At this point, it is important to have an ansatz specifying one of the metric functions or select an EOS that's relate pressure and density which leads to analytical solutions. The analysis presented in this article by considering a sensible choices for an ansatz of the metric potential due to Buchdahl [55] . For the metric function e λ we make the choice
where K is an arbitrary constant. Using the Buchdahl ansatz for metric potential is not new. The model, though exceedingly simple, satisfies the physical constraints of a realistic star ensures the regularity and finite conditions at the centre of the sphere. When C = −K/R 2 , we gain the metric function considered by Vaidya and Tikekar [50] . This facilitated the model in an interesting geometric meaning as deviation from specificity of 3-space geometry. Now, introducing a new coordinate transformation e ν = Z 2 (r), the field Eqs. (5)- (7) take the following form
Furthermore, at this stage it is convenient to introduce the following transformation
Going back to the (9) and using the transformation (10) enable us to rewrite the second order differential equation in a simpler form, which is
where for notational simplicity we use
To gain some more insight and solve the Eq. (11) easily, we set ψ as
where α is a positive constant. Now the relation (12) and (13) leads to defining the total charge of the system as
This brings out a new form of equation when replacing Eq. (13) into Eq. (11) it gives
We now consider the simple derivation of the differential equation (15) leads to the following expression for Y (for further details see appendix A), as
where A and B are arbitrary integrating constant. Plugging the values of (16) into the Eq. (10) for Z reads as
where
. Finally, the complete solution of the Einstein-Maxwell system (5)- (7) is then given by
where we use the notations
α .
To obtain the models for a spherically charged star, in this study, the interior solution goes up to a certain radius R, say. To have a useful stellar model, it should satisfy the following conditions throughout the stellar configuration: Table II ), (ii) K=0.00003, C= -0.00000901, α 2 =55, M=0.87M and R = 7.866 km for 4U 1538-52 (see Table III ), (iii) K=0.00017, C = -0.00008, α 2 =20.527, M=1.74M and R = 9.3 km for 4U1608-52 (see Table IV ), (iv) K=0.00019, C = -0.00009, α 2 =20.506, M=1.77M and R = 9.56 for Vela X-1 (see Table V) , and (v) K=0.0002, C=-0.000091, α 2 =20.18, M=1.667M and R = 9.483 for PSR J1903+0327 (see Table VI ). • The spacetime is assumed not to possess an event horizon.
• To keep the centre of the spacetime regular, energy density ρ and pressure p are positive within the radius.
• (dρ/dr) r=0 = 0 and (d 2 ρ/dr 2 ) r=0 < 0, so that density gradient dρ/dr is negative within 0 < r < R.
• (d p/dr) r=0 = 0 and (d 2 p/dr 2 ) r=0 < 0, so that pressure gradient d p/dr is negative within 0 < r < R.
One interesting aspect to be point out here that the density and pressure is maximum at the center and monotonically decreasing towards the boundary. It becomes clear from Fig. (1) , that the qualitative behavior of the radial pressure vanishes at the boundary, as a function of the radial coordinate r. As our goal is to explore the charged isotropic body. Here it is observed that electric field associated with Eq. (14) vanishes at r = 0. We plot the radius of the resulting spheres as a function of the charge distribution in Fig. (1) for different compact stars. This means vanishing of the electric field at the center of a spherically symmetric charge distribution remains regular and positive throughout the sphere. Table I III. BOUNDARY CONDITIONS The solutions from Eqs. (18), (19) and (14) can represent the interior solution up to a certain radius until the null pressure point, at its surface, where we match with the Reissner-Nordström external solution. At this stage one puts forward some sensible requirements e.g., approximated values on observed mass and radius for different compact stars that are used to fix the values of constants α, C and K. The exterior vacuum solution is then given by
where M and Q are the total gravitational mass and charge of the fluid distribution. For more convenience the total mass can be written as
with the definition ζ (R) = κ 2 R 0 ρr 2 dr, ξ (R) = κ 2 R 0 rσ qe λ /2 dr and Q = q(R) represents, the mass within the sphere, the mass equivalence of the electromagnetic energy of distribution and Q is the total charge inside the fluid sphere (see also [59] for a review). we shall model compact stars by matching an interior solution, governed by an Eq. (1) to an exterior ReissnerNordström vacuum solution with (20) , at the boundary surface r = R. The imposition of smooth boundary conditions on the boundary surface with the following relations
, and e ν = y
p(R) = 0, and q(R) = Q.
The behavior of the pressure decreases outwards, the integration is stopped at the point r = R for which p(R) = 0. From hence several parameters of the model, are going to fix by using the full set of boundary conditions. In the following analysis the values of constant coefficients α, C and K are determined for some particular values of observed mass and radius relation such as SAX J1808.4-3658, 4U 1538-52, 4U 1608-52, Vela X-1 and PSR J1903+327, respectively. Here we calculate the interior and surface gravitational redshift z S produced by the different compact objects by using the formal definition z S = ∆λ /λ e = λ 0 −λ e λ e , where λ e is the emitted wavelength at the surface of a nonrotating star and λ 0 is the observed wavelength received at radial coordinate r. The gravitational redshift z S within a static line element is given by
where g tt (r) = e ν(R) = 1 − 2M R + Q 2 R 2 is the metric function. Note that, for a given configuration the maximum possible redshift is obtained at the center of the star and should decrease with the increase of radius and less than the universal bounds. It has been shown [55, 60] that for spherically symmetric perfect fluid spheres the gravitational redshift is z s < 2, and for anisotropic case this values turns out to be 3.84, as in [61, 62] . But, Boehmer and Harko [63] showed that this value could be increased up to z s ≤ 5, which is consistent with the bound z s ≤ 5.211 obtained by Ivanov [32] . In each Tables II-VI), we enlisted the values of redshift for different compact objects by taking the same values, which we have used for graphical presentation in Fig. 1 . For each compact object we found that the values of surface redshift is maximum at the centre and monotonic decreasing towards the boundary. In the left panel of Fig. 2 , we provide graphs of surface redshift (z S ) for the strange star candidates SAX J1808.4-3658, 4U 1538-52, 4U 1608-52, Vela X-1 and PSR J1903+327, which yield fall z s < 2 in every cases.
IV. STRUCTURE PROPERTIES OF COMPACT OBJECTS
In this section we introspect more details about the stellar configuration by performing some analytical calculations and studied physical properties of the interior of the fluid sphere. The most important feature are the sets of equilibrium solutions which are shown by representing graphs and finally we compare these results with the specific observational constraint.
A. Causality condition
To confirm that we are not losing essential physics i.e., the speed of sound propagation v 2 s = d p/dρ, at the interior of the star. It is observed that the velocity of sound is less than the velocity of light. In essence of this we fix c = 1, and investigate the speed of sound for charged fluid matter. For the stability of our model, we shall adopt Herrera's overtuning technique [67] , which states that the region of the interval should be 0 < v 2 = d p dρ < 1. Now employing the Eqs. (18) and Eq. (19), we get 
,
Here, we have used the same notation for Φ and ϒ, as before. In order to carry out analytic calculations and to obtain a better understanding we used a simple graphical representation in the right panel of Fig. 2 . One can also verify this by inspecting Eqs. (25) . Thus, by carefully Observing the Fig. 2 , one arrives at the following conclusion that velocity of sound lies within the proposed range for different compact objects as labeled in figures and it decreases towards the boundary. For the purposes of this calculation, we use the same parametric values as given in Fig. 1 .
B. Tolman-Oppenheimer-Volkoff (TOV) equations
It is important to analysis the equilibrium conditions using the Tolman-Oppenheimer-Volkoff (TOV) equation. The TOV equation mainly constrains the structure of a static spherically symmetric body which is in static gravitational equilibrium. Here we address how gravitational and other fluid forces counteract with increasing electrostatic repulsion towards the boundary, where the pressure gradients tend to vanish. Now, by employing the generalized-TOV equation [64, 65] in the presence of charge, as prescribed in [66] , we have the following form 
FIG. 3:
The plot depicts the different forces, namely, hydrostatic (F h ), electric (F e ) and gravitational (F g ) forces, respectively. Here we study the effect of forces to maintain the stability of compact stars. See the text for details.
where M G = M G (r) is the effective gravitational mass within the radius r, and q = q(r) is given by (14) . The expression for the effective gravitational mass is given by
Now, plugging the value of M G (r) in Eq. (25), we get 
Radius
Values of the physical parameters K = 0.00003, C = −0.00000901, α 2 = 55 Let us now attempt to explain the above equation from an equilibrium point of view, where the expression treated as a combination of three different forces namely gravitational (F g ), hydrostatic (F h ) and electric forces (F e ), respectively. For our system the forces are as follows:
where we use the same notation as mentioned above. The generalized TOV equations of a charged spherical body is shown in Fig. 3 . It may be mentioned here that static equilibrium configurations do exist due to the combined effect of hydrostatic force (F h ) and electric force (F e ), which is counterbalanced by the gravitational force (F g ). In order to check the condition, we have plotted Fig. 3 , for the set compact star candidates SAX J1808.4-3658, 4U 1538-52, PSR J1903+327, Vela X-1 and 4U1608-52, for the same values as mentioned in Fig. 1 . Let us focus on variety of energy conditions according to relativistic classical field theories of gravitation. Crudely speaking, a relation one demands that matter density and pressure obeying certain restrictions. One has to note that the superluminal censorship theorem [69, 70] positive mass theorem [71] , singularity theorems [72] , and various constraints on black hole surface gravity [73] have profound and far-reaching import applications of some type of energy condition. Among different energy conditions we only focus on (i) the Null energy condition (NEC), (ii) Weak energy condition (WEC) and (iii) Strong energy condition (SEC), which reads through the following inequalities Inequalities (32) hold automatically for the sources considered here. The weak energy condition imposes the requirement of a positive energy density as measured by a distant observer. Using this inequalities one can easily justify the nature of energy conditions for the specific stellar configuration as shown in Fig. 4 , that are satisfied for our proposed model.
V. FINAL REMARKS
In this paper we have considered the Buchdahl ansatz [55] to present general relativistic solution for a class of compact stars in the context of Einstein-Maxwell theory. The sources of these electric field opens a possibility for new physically acceptable configuration, which are in hydrostatic equilibrium. Furthermore, the most sticking features is we set a new transformation which is closer to the Durgapal and Bannerji [68] that corresponds a relation between the two metric functions to obtain closedform solutions. Notice that the solutions depend on the transformation of Eq. (10). This prescription has been design by charged perfect fluid form for interior with exterior Reissner-Nordstrom solution to match at the boundary of the compact object. On the other hand observing the results we see that energy density is always take greater values throughout the star interior as we can see from Fig. 1 . The electric field intensity q(r) is continuous in the interior and vanishes at the centre [48] , which is positive and monotonically increasing. For a better visualization of the results shown in Fig. 1 . In a strong gravitational field, Ray et al. [49] showed that to see any appreciable effect on compact stars the electric fields have to be huge, approximately 10 21 V /m. It is important to note that increase in mass is primarily brought in by the softening of the pressure gradient because of the Coulombian term coupled with the Gravitational matter part. We would also like to mention here that from our model as the radius of the star increases, the electric charge is also increasing, which means the gravitational attraction is counterbalanced by the repulsive Coulombian force.
Mainly, we perform a detailed investigation of the physical implications of high density system like a charged perfect fluid, and checked the physical viability and acceptability of the present model in connection with a number of compact star candidates like SAX J1808.4-3658, 4U 1538-52, PSR J1903+327, Vela X-1 and 4U1608-52. We have analyzed the configurations for several values of constant parameters depending on α, C and K. The permitted values of the unknown parameters are determined from the matching conditions at the boundary and pressure at the boundary is zero i.e., p(R) = 0. Then using these values we perform the mass-radius relation for each compact objects, as evident in Table I . The consequence of mass-radius relation is that for an isotropic spheres with constant density must be less than 8/9 [55] , which is satisfied for every compact objects, as seen form Table I. For clarity, we explore several aspects of the model stating form energy conditions, velocity of sound and the stability of the system using modified TOV equation. We analysed every cases step by step with graphical display in order to verify the model that can be considered viable within the specified observational constraint. Considering observed masses of the compact objects namely, SAX J1808.4-3658, 4U 1538-52, PSR J1903+327, Vela X-1 and 4U1608-52, we explore the interior of the star. The results are summarised in Table II -VI, which strongly suggest that a class of compact stellar models with charged perfect fluid matter distribution are permitted with the new solution discussed here.
Finally we hope that the procedure which we describe in this article, will lead to many other interesting possibility in the future, and thereby describe some other types of compact objects should also be investigated. We shall report such analyses in a future work.
